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ABSTRACT In this work we studied the actual coverage, distribution patterns and ecologic effects of the introduced oyster Cras-
sostrea gigas 20 y after their introduction to the Northern Argentinean Patagonia (Bahía Anegada; 39°50S to 40°40S and 61°59 to
62°28 W). Using satellite imagery and field and aerial inspections we found 10 oyster beds that cover less than 0.05% of the bay
intertidal (area covered: 36.45 ha). These beds are restricted to intertidal zones with superficial hard substrata (limestone outcrops).
Most epifaunal organisms (the crabs Cyrtograpsus angulatus, Chasmagnathus granulatus, the isopod Melita palmata, and the snail
Heleobia australis) showed higher densities inside oyster beds compared with outside and experiments showed that artificially
deployed oyster beds increased the densities of their at three intertidal zones (high intertidal marsh, low intertidal marsh, and low
intertidal with hard substrata) and also increased densities of infaunal organisms (the polychaetes Laeonereis acuta, Nepthys fluviatilis,
and the priapulid Priapulus tuberculatospinosus) at the low intertidal with hard substrata. This may be the result of increasing habitat
structure and refuge for epifaunal organisms, and enhancement of deposition and sediment stability that may benefit infaunal organ-
isms. Densities bird species (Local species: Larus dominicanus, Haematopus palliatus; Regional migratory shorebird: Charadrius
falklandicus; Long range migratory shorebirds: Pluvialis dominica, Calidris canutus, Tringa flavipes) were higher inside oyster beds
compared with similar zones without oysters, which may be the result of higher prey availability. Foraging rate was also higher for
some of these species (P. dominica, C. falklandicus). However, due to the limited availability of hard substratum the aerial distribution
of oysters is small. In conclusion, no negative effects were observed as a result of this introduction. There was an increase in species
abundance and the area was preferred by local and migratory bird species, which also showed higher feeding rates.
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INTRODUCTION
The effect of invasive nonindigenous species on native com-
munities had become a major problem in conservation biology
(Lodge 1993, Mack et al. 2000, Bax et al. 2001, Byers et al. 2002)
mainly because their negative effects on native species, commu-
nities and ecosystems (e.g., Vitousek & Walker 1989, Settle &
Wilson 1990, Vitousek 1990, Spencer et al. 1991, Carlton 1992,
Petren & Case 1996, Juliano 1998, Mack et al. 2000, Byers 1999,
Byers 2000, Byers et al. 2002). Marine ecosystems are especially
vulnerable to invasive species (Carlton 1996) showing some dra-
matic effects on biologic diversity and productivity (Bax et al.
2001). However, little attention has been paid to the role of physi-
cal ecosystem engineer species (sensu Jones et al. 1994) as habitat
modifiers when introduced to new habitats. The change of the
physical structure of the ecosystem is not currently accounted for
in the evaluation of invader’s impact (Crooks 2002), but a large
effect in the native community is expected when the invader
change habitat complexity or heterogeneity (Posey 1988, Crooks
& Khim 1999, Crooks 2002, Bruno et al. 2003).
Physical ecosystem engineer species (sensu Jones et al. 1994)
that create biogenic structure are known to affect community struc-
ture (Jones et al. 1997). This effect is because biogenic structure
can affect competitive interactions (Fletcher & Underwood 1987),
modify the relative importance of predation (Gilinsky 1984, Orth
et al. 1984, Dean & Connell 1987, Schwindt et al. 2001, Hamilton
& Nudds 2003) and, ameliorate physical stress (Nixon et al. 1971)
and disturbance (Whorff et al. 1995), generally leading to an in-
crease in the density and diversity of associated organisms (Gilin-
sky 1984, Downes et al. 1998, Zühlke 2001, Bolam & Fernandes
2003, but see Kelaher 2003). Oysters are a good example of sub-
strate and structure creators (see Jones et al. 1997, Gutiérrez et al.
2003), serving as refuge for numerous mobile and sessile species
and having a large effect on community structure (Ulanowicz &
Tuttle 1992, Kennedy 1996, Dumbauld et al. 2000, Meyer &
Townsend 2000, Lenihan et al. 2001) but oysters are also a good
example of invasive species in marine and estuarine environments
(Carlton 1992, Reise 1998), usually introduced for aquaculture
purposes (Carlton 1992, Shatkin et al. 1997, Wasson et al. 2001,
Miller et al. 2002). Although ecologic impacts of mollusk farming
are known to be small compared with other forms of aquaculture
(Naylor et al. 2000), there are several examples of native commu-
nity modification as a result of Crassostrea spp. introduction by
direct competition with native species (Shatkin et al. 1997, Reise
1998), by spreading other invasive species (Carlton 1992, de Mon-
taudouin et al. 1999, Byers 1999, 2000, Wolff and Reise 2002),
diseases (e.g., Grizel & Héral 1991, Mann et al. 1991, Shatkin et
al. 1997, Wolff & Reise, 2002), and by decreasing benthic oxygen
levels (Castel et al. 1989).
The Pacific Oyster Crassostra gigas, a species endemic from
Japan, is today the most successful oyster in commercial cultiva-
tion of hatchery-produced seed and is the basis of the largest oyster
fisheries in the world (Mann et al. 1991, Reise 1998). C. gigas has
been extensively introduced outside its native range for culture
purposes, and established in the field (Mann et al. 1991, Carlton*Corresponding author. E-mail: cescapa@mdp.edu.ar




1992, Shatkin et al. 1997). In South America, C. gigas was intro-
duced on the Pacific Ocean in Chile and Peru (Winter et al. 1984),
and in the Atlantic in Brazil and Argentina (Pascual & Orensanz
1996, Orensanz et al. 2002). In Argentina, this species was
illegally introduced during 1982 in Bahía Anegada (39°50S to
40°40S and 62°10W; see Figure 1; Orensanz et al. 2002,
Penchaszadeh et al. 2003). A small stock of commercial size of
C. gigas (ca 500 individuals) imported from Coquimbo (Chile),
with gastronomic purposes, were introduced to the southern part
of Bahía Anegada with the purpose of implementing an aqua-
culture production (Orensanz et al. 2002). After a year of experi-
mentation, the remainder small stock was abandoned but they
established in the field (Orensanz et al. 2002, Penchaszadeh et al.
2003).
Although there are several conflicts rising from the invasion of
Crassostrea gigas on northern Patagonia, one important concern is
related to conservation of shorebird habitats. The SW Atlantic
intertidals are main stopover sites of migratory shorebirds that
breed in the northern hemisphere and spend their winter in the
southern hemisphere (see Botto et al. 1998). However, the dis-
tribution patterns and coverage extension of C. gigas on the
intertidal and its effects on the benthic community and shore-
birds remain unknown. In this context, the main purpose of this
research is to evaluate the number, distribution, and extension of
C. gigas beds today and to evaluate, by sampling and by field
experiments, its effects on the benthic community and shorebird
habitat use.
MATERIALS AND METHODS
The study was performed in Bahía Anegada (Fig. 1; see Spalleti
& Isla 2003 for full description) from December 2001 to Novem-
ber 2003. This is a large embayment (2371 km2) affected by a low
amplitude (1.5 m) semidiurnal tidal regimen.
Given that oysters showed a wide distribution, an analysis of
satellite imagery were performed to identify oyster beds and evalu-
ate their spatial distribution. The satellite imagery used was re-
corded by Enhanced Thematic Mapper plus sensor on board Land-
sat 7. It records radiation with a nominal spatial resolution of
approximately 30 m for bands 1–7, and 15 m for band 8 (panchro-
matic). Because the tide level is an important factor in saltmarshes
and higher levels can mask some habitats, in this study only the
image with the lower tide level of a pool of satellite images was
selected. The image selected was from 15 January 2002 and was
provided by the Argentinean National Commission of Space Ac-
tivities (CONAE).
To remove the geometric distortions in Landsat imagery, image
was geocoded to a UTM Gauss Kruger coordinate system using a
first order transformation and nearest neighbor resampling. The
root-mean squared error achieved after resampling was lower than
1.5 pixels in all bands. We used map points to geometric correc-
tions. Points were acquired from topographic maps of the Argen-
tinean Army Geographic Institute (IGM; scale 1:50,000).
The south portion of Bahía Anegada was exhaustively searched
by walking and the location of oyster beds and different types of
Figure 1. Location and dimension of oyster beds in Bahía Anegada (Argentina). Large oyster beds are shown in black, and smaller ones are





environments along the intertidal were registered (position ob-
tained by GPS). A spectral signature analysis of the different kinds
of intertidal habitats (tidal flats, saltmarshes dominated by Spar-
tina alterniflora Loisel and saltmarshes dominated by Sarcocornia
perennis (Miller) (formerly Salicornia ambigua) were compared
with the spectral signature of a known oyster bed. Bahía Anegada
intertidal has a mixture of limestone outcrops, sand, silt, and roll-
ing stone bottoms. This variation in substrata, and the variation in
water content as a result of field irregularities, generated a bias
spectral response that did not allow us to perform a correct clas-
sification using common supervised and unsupervised classifica-
tion methods because of greatly overestimated oyster bed cover.
Given this problem, we used a visual analysis of the image, uti-
lizing the Landsat ETM+Panchromatic band (spectral range
520–00 nm), that have a 15 m spatial resolution and allow a good
identification of the known oyster beds.
In the Landsat ETM+Panchromatic band, known oyster beds
have a particular dendritic pattern that make them conspicuous in
the intertidal. This characteristic pattern was used to search for
similar structures to make a preliminary oyster beds map. Then, an
exhaustive aerial inspection (flying between 60 and 100 m altitude
and between 100 and 150 km per hour) of Bahía Anegada coast
and islands was done during low tide to verify the presence of
oyster beds. No new oyster beds were found but some structures
previously identified as oyster beds were discarded. Discrimina-
tion of land, intertidal and water was done using the Idrisi32 Maxi-
mum Likelihood Software module. The final map (Fig. 1) was
done by adding the identified oyster beds to the thematic map.
To study the distribution patterns in relation to intertidal level,
transects (100 m) perpendicular to the shoreline were performed
(spaced by at least 50 m). In each transect, the number of oysters
in 1 m2 were counted every 0.4 m of intertidal height. The null
hypothesis of no differences in oyster densities between tidal lev-
els was analyzed with 1-way ANOVA (Zar 1999). To evaluate the
type of substrate used by oysters, the depth at which the hard
substratum (i.e., limestone outcrops) was located was measured by
pushing a 1.5 m iron stick and noting the buried length of the stick
when it touch the hard substratum, and the number of oysters (m−2)
were counted. The null hypothesis of no relation between hard
substratum depth and oyster densities was analyzed with correla-
tion analysis (Zar 1999).
To evaluate whether there is a relation between oyster beds and
densities of epifaunal organisms, samples of 0.25 × 0.25 m were
assigned inside and outside oyster beds. In each sample, epifaunal
organisms were counted and identified to the lowest taxonomic
level possible. For each taxa, the null hypothesis of no differences
in densities of organisms were analyzed with t-test (or Mann-
Whitney when necessary, Zar 1999). To evaluate if there was any
relation between oyster densities and the densities of the predomi-
nant native grapsid crab Cyrtograpsus angulatus Dana, a species
that is known to be strongly and positively affected by biogenic
structure (see Schwindt & Iribarne 2000, Schwindt et al. 2001,
Mendez Casariego et al. 2004), a different sample design was used.
The number of oysters and crabs were counted in 83 sampling
units of 1m2, randomly chosen along the intertidal. The null hy-
pothesis of no relation between densities of oysters and crabs were
evaluated with correlation analysis. Similarly, to evaluate the re-
lation between oyster beds and densities of the snail Heleobia
australis, the intertidal substrate was divided into 3 zones (High
1.3 m above the lower tidal level (ALTL), medium 0.7 m ALTL
and low 0.2 m ALTL). In each zone, the number of snails in 25
samples of 0.2 × 0.2 m was counted in pools inside and outside
oyster beds. For each intertidal level, the null hypothesis of no
differences in snail densities between sites was evaluated with
t-test (Zar 1999).
To experimentally evaluate the effect of Crassostrea gigas on
natural community on the high marsh, the low marsh and the low
intertidal with hard substrata, 60 square plots (1 m2), 20 in each
zone, were randomly chosen on January 2002. Each plot was as-
signed to one of the following treatments; (1) artificial oyster bed
or (2) control. Artificial oyster bed treatments were done by trans-
planting oysters from natural oyster beds to the plots. These oys-
ters were washed with seawater to eliminate epifauna before trans-
planting. After 11 mo, epifaunal organisms were counted and clas-
sified on a 0.25 × 0.25 m square from the center of the plot. In each
plot, a core sample (35-cm depth, 15-cm diameter) was also taken.
Infaunal organisms were separated by sieving the samples through
a 0.5-mm screen. Organisms were counted and classified to the
lowest taxonomic level possible. The null hypotheses of no dif-
ferences in densities of organisms of each species between treat-
ments (with and without oysters) for each intertidal zone were
analyzed with t-test or nonparametric Mann-Whitney test (Zar
1999).
One of the main concerns in the region came from the potential
effect of oyster beds on habitat use by birds, mainly neotropical
migratory shorebirds. To evaluate differential use of areas by
shorebirds, 3 sites were selected at the SW part of the bay (Isla
Jabali, Fig. 1 lower right) each one had oyster reefs and nearby
areas without oysters. Each bed had a mean density of 47.4 oysters
m2 (SD  12.3) and a mean surface area of 1 ha (Borges 2002,
Penchaszadeth et al. 2003). Areas were selected keeping similar
characteristics such as tidal level, slope and compass orientation
(NW-SE) and known to be used by shorebirds. In each area, a
telescope (18 × 36) was used to perform censuses from December
2001 to April 2002 (this period represent the entire migratory
season). In each census, individuals were identified and the per-
centage of them feeding in each area was calculated. Abundance of
each shorebird species was compared between sites and months
with repeated measures ANOVA (Neter et al. 1990). To evaluate
whether there is a relationship between the oyster beds and the
shorebird foraging rate and efficiency, focal observations (using a
18 × 36 telescope) were performed. Each bird was observed for a
period between 5 and 10 min. Before the observations, and based
on a previous sampling, a list of all acts to be recorded was defined
(walk, pause, peck, and capture of item) and maintained during the
study to ensure standardized observations. The number of probes
per minute and the proportion of probes resulting in successful
prey capture were calculated. Differences in rate of consumption
and foraging efficiency between areas were evaluated indepen-
dently for each bird species with t-test (Zar 1999).
RESULTS
A total of 10 oyster beds were detected, 3 of small size (size
range 0.09–0.36 ha), 6 of medium size (size range 1.62–5.67 ha)
and 1 large bed (size 16.38 ha), all of them located in the southern
part of the bay (Fig. 1). Oyster beds cover a total of 36.45 ha,
which is less than 0.05% of the Bahía Anegada intertidal (total
intertidal area  89,689 ha). Both aerial and walk inspection
reveals that besides the areas colonized by oysters there were no
free superficial hard substrata along the intertidal.
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Spat were found attached to limestone outcrops, empty shells,
shells of a native small mussel Brachidontes rodriguezi
(d’Orbigny) and the basal portion of Spartina alterniflora.
Oyster densities were higher in the middle and middle to low
intertidal compared with other intertidal zones (ANOVA,
F19,177  56.404, P < 0.001, Fig. 2). Moreover, there were no
oysters in the low intertidal or in the subtidal. There was a nega-
tive correlation between hard substratum (i.e., limestone) depth
and oyster densities (r2  0.597, n  100, P < 0.001) and there
were no oysters in zones with hard substratum depths higher than
10 cm.
Inside the oyster matrix, the number of juveniles of the crab
species Chasmagnathus granulatus Dana and C. angulatus, and
the number of the polychaete Laeonereis acuta (Treadwell) and
the isopod Melita palmata (Montagu) were higher inside oyster
beds but the number of the hermit crab Pagurus criniticornis
(Dana), the snail Heleobia australis (d’ Orbigny), and unidentified
anemones were higher outside oyster beds (Table 1). There were
no differences in number of the small mussels Brachidontes
rodriguezi (d’ Orbigny) (Table 1).
There was a positive correlation between oyster density and the
density of the crab Cyrtograpsus angulatus (r2  0.27, df  43,
P < 0.001). Similarly, densities of the snail Heleobia australis
were higher in pools inside oyster beds along the 3 intertidal
heights compared with pools outside oyster beds (high: t  9.79,
df  48, P < 0.001; medium: t  3.402, df  48, P < 0.005;
low: t  2.49, df  48, P < 0.05; Fig. 3).
In the high marsh, the number of the small mussels (square root
transformed data; t  8.63, df  18, P < 0.001), anemones (log
transformed data; t  2.38, df  18, P < 0.05) and the crab
Cyrtograpsus angulatus (log transformed data; t 7.32, df 18,
P < 0.01) were higher in artificial oyster beds plots compared with
control plots. The amphipods Corophium sp. and crabs of the
species Chasmagnathus granulatus were only present in the arti-
ficial oyster bed plots. In contrast, the number of snails (Heleobia
australis) was higher in the control plots (Z 2.86, N1  N2 
10, P < 0.005). In the low marsh, there were no differences in the
number of mussels between treatments (t  0.45, df  18,
P > 0.5). Anemones, amphipods, polychaetes and, the crabs
C. angulatus, C. altimanus Rathbun and C. granulatus, were
present only in the artificial oyster bed plots. H. australis was
present only in control plots. In the low intertidal, mussels and the
crab C. angulatus were present only in artificial oyster bed plots.
Inside the sediment, there were no differences in the number of
mussels (Z 1.51, P > 0.1), polychaetes of the species Laeonereis
acuta (Z 1.57, P > 0.1) and Nepthys fluviatilisMonro (Z 0.1,
P > 0.5), and the priapulid Priapulus tuberculatospinosus Baird
(Z  0.1, P > 0.5) between plots in the high marsh. In the low
marsh, the number of polychaetes (L. acuta) were higher in control
plots compared with artificial oyster bed plots (Z 1.256, N1 
N2 10, P < 0.05) but there were no differences in the number of
mussels between plots (X1 22.8, SD 8.13, X2 22.4, SD
11.8; t  0.09, df  18, P > 0.9).
The birds present during the study period were the Two Banded
Plover Charadrius falklandicus (Latham), the American Golden
Plover Pluvialis dominica (Müller), the Red Knot Calidris canutus
(Linnaeus), the Lesser Yellowlegs Tringa flavipes (Gmelin), the
American Oystercatcher Haematopus palliatus Temminck, and the
Kelp Gull Larus dominicanus (Lichtenstein). For all these species
(Fig. 4), densities inside oyster beds were higher than in the ad-
jacent areas without oysters (American Oystercatcher: t  2.955,
df 60, P < 0.005, the Two Banded Plover: t 5.772, df 60,
P < 0.001, the American Golden Plover: log transformed data,
t  12.667, df  60, P < 0.001) and the Kelp Gull: log trans-
formed data, t  4.158, df  60, P < 0.001). The Red-knot
(X  0.024 ind*m2, SD  0.0199) and the Lesser Yellowlegs
(X  0.0023, SD  0.0049) were only present inside oyster
beds. Foraging rate (Fig. 5) was higher inside oyster beds for the
American Golden Plover (t  2.172, df  31, P < 0.05) and for
the Two Banded Plover (t  2.294, df  15, P < 0.05) but
there was no difference for the Oystercatcher (Mann-Whitney
U-test, Zadj  0.759, N1  10, N2  6, P > 0.1) nor for the
Red-Knot (Zadj  0.039, N1  17, N2  5, P > 0.5). There
were no differences in foraging efficiency between sites (Ameri-
can Golden Plover: t  0.714, df  31, P > 0.1; Two Banded
Plover: t  0.864, df  15, P > 0.1; Red Knot: t  0.857,
TABLE 1.
Densities of species of epifauna inside and outside oyster beds. Density was expressed as individuals per sample unit (0.0625 m2).
Inside Oyster Beds Outside Oyster Beds d.f. T or Z Value P Observations
Chasmagnathus granulatus 18.67 (7.75) 4.07 (5.35) 28 6.003 <0.001 t-test
Cyrtograpsus angulatus 3.2 (2.14) 0.4 (0.74) 28 5.065 <0.001 t-test, log
Priapulus tuberculatospinosus 0.26 (0.39) 1.24 (0.47) 28 6.26 <0.001 t-test, log
Brachidontes rodriguezi 0.2 (0.77) 1.13 (2.7) 28 1.44 >0.1 M-W
Heleobia australis 3.4 (8.75) 13.07 (10.74) 28 3.038 <0.005 M-W
Laeonereis acuta 1.73 (1.33) 0.67 (0.9) 28 2.19 <0.05 M-W
Melita palmata 1.07 (1.94) 0.13 (0.35) 28 0.79 >0.1 M-W
Unidentified Cnidaria 0.47 (0.52) 3.07 (2.66) 28 2.51 <0.05 M-W
Figure 2. Oyster densities across the intertidal. Squares represent









df  20, P > 0.1; American Oystercatcher: t  0.402, df  14,
P > 0.5).
DISCUSSION
After more than 20 y of introduction, the Pacific oyster Cras-
sostrea gigas has established in Bahía Anegada but covers a very
small percentage (0.05%) of their intertidal area. This contrasts
with previous introductions of C. gigas around the world (and in
wide array of environmental conditions), where C. gigas popula-
tions expanded in relatively short time (see Shatkin et al. 1997,
Sumner 1980, Reise 1998). However, our evidences shows that in
this area the distribution is limited by the lack of hard substratum,
which is the result of a large sediment discharge from the Colorado
River (see Spalleti & Isla 2003 for details). Although this river
does not discharge now into the bay, the muddy sediments are still
the dominant feature of this area.
We found oysters only in the intertidal zone with higher den-
sities at the middle intertidal. This result contrasts from the pattern
found in other sites, where densities of this species are higher in
the low intertidal (Reise 1998). This pattern can result from the
distribution of hard substrata (limestone outcrops). Oysters were
present only in zones with superficial hard substrata; soft bottoms
cannot support oysters on the surface (Reise 1998). The local
oyster Ostreola spreta (d’ Orbigny) (formerly known as Ostrea
spreta) also settle on any hard surface (de Castellanos & Cabrera
1957, de Castellanos 1968), and is the dominant settling species in
artificial collection of seed oysters deployed in this area (Borges et
al. 2002). However, survival at the intertidal is low probably due
low tolerance to higher temperatures (Stenzel 1971), even when
clusters of C. gigas offer a good settlement site (Penchazadeth
et al. 2003). We have no information on the interaction between
the two oysters, but the distribution pattern may in part be the
results of competition. Thus, any effects of C. gigas on the local
community are restricted to zones with superficial hard substrata
(mainly limestone outcrop) in the middle intertidal.
Densities of the crabs Cyrtograpsus angulatus and Chasmag-
nathus granulatus, and of the amphipod Corophium sp. and the
isopod Melita palmata were higher inside oyster beds and, as
expected, experiments indicated densities of epifaunal organisms
were higher in oyster beds than outside of the beds. The impor-
tance of availability of shelter and structure complexity on inter
and subtidal community structure has long been recognized (e.g.,
Barshaw & Lavalli 1988, Fernández et al. 1993a, Fernández et al.
1993b, Gee & Warwick 1994, Moksnes et al. 1998, Lohrer et al.
2000, Robinson & Tully 2000, Jensen et al. 2002). Oyster shells
are an important shelter creator with dramatic effects on crab den-
sities (see Wainwright et al. 1992, Dumbauld et al. 1993, Iribarne
et al. 1995). The relationship between C. angulatus and habitat
structure created by an introduced species has also been found in
other SW Atlantic estuary (i.e., Mar Chiquita coastal lagoon) in-
vaded by the reef building polychaete Ficopomatus enigmaticus
Faubel (Schwindt & Iribarne 1999, Schwindt et al. 2001). In this
case, oyster shells can increase crabs density not only by enhanc-
ing recruitment (see Fernández et al. 1993b) but also by decreasing
adult predation risk (Mendez Casariego et al. 2004). In contrast,
densities of the snail Heleobia australis and the hermit crab Pagu-
rus criniticornis were lower inside oyster bed matrix. This can be
because, for these two species, availability of shelter may not be a
Figure 3. Number of individuals of epifaunal species in control plots (1 m2)(empty boxes) and artificial oyster bed plots (dashed boxes) at three
zones of the intertidal. Here and thereafter squares and triangles inside boxes represents medians, limits of boxes are 25th and 75th percentiles,
lines represents 1st and 99th percentiles.




limiting factor (both species carried their own refuge) and they
may be negatively affected by 3-dimension structure (see Kelaher
2003). Alternatively, predation risk may increases inside the oyster
matrix because the higher abundance of predators such as crabs.
Indeed, H. australis shells are usually found in C. angulatus stom-
ach contents (P. Martinetto, pers. com.).
The increase of epifauna inside oyster bed plots may be the
result of immigration, different mortality and recruitment (Crooks
& Khim 1999). Individuals of C. granulatus that occur in oyster
bed plots were only adults suggesting colonization but not recruit-
ment, in contrast, there were recruit and small juveniles of
C. angulatus and all these stages plus adults of C. altimanus sug-
gesting recruitment and colonization.
Densities and foraging rates of shorebirds were higher inside
oyster beds and foraging efficiencies, whereas foraging inside or
outside oyster beds, were the same. Wolff & Reise (2002) linked
the decreases of the oystercatcher Haematopus ostralegus Lin-
naeus populations in the European Wadden Sea, with the intro-
duction of C. gigas, and posterior transformation of mussel beds of
Mytilus edulis d’Orbigny into oyster beds. In addition, bird forag-
ing efficiency, while preying on intertidal invertebrates, are nega-
tively affected by substrate heterogeneity (e.g., Common eiders on
Rockweed beds; Hamilton & Nudds 2003; also Marsh 1986). Nev-
ertheless, our results shows that prey abundance (particularly crabs
and snails) were positively affected by the presence of biogenic
structure created by oysters. Thus, as in mussel cultures (Caldow
et al. 2003), higher prey abundance inside oyster beds may be
influencing bird habitat choice by positively affecting their forag-
ing rate.
Studies on the effect of naturalized pacific oyster beds on
benthic communities also showed strong effects by decreasing O2
on sediments as a result of organic matter enrichment (Castel et al.
1989, Nugues et al. 1996), by outcompeting local bivalve species
(Shatkin et al. 1997, Reise 1998) and, by creating physical struc-
ture on otherwise flat zones (Castel et al. 1989). At Bahía Anegada
the vascular plant Spartina alterniflora and the clumps of the small
mussel Brachydontes rodriguezi offer settlement sites for this oys-
ter (Borges 2001, Penchaszadeth et al. 2003). Interestingly, oysters
and mussels can generate layers of settlement, forming clusters
that sometimes can be used as settlement sites by Ostreola spreta
(Borges 2001, Penchaszadeth et al. 2003). These changes in the
physical structure of the ecosystem itself, was postulated as one
form in which invaders can have strong ecosystem-level effects
(Bertness 1984, Chapin et al. 1997, Crooks & Khim 1999, Crooks
2002) and is supported by some examples (e.g., Posey 1988; see
also Crooks 2002 for a review). In contrast, other studies show an
increase on macrofaunal abundance as a result of refuge creation
(De Grave et al. 1998).
In summary, based in our observations on the distribution and
coverage of the reefs of C. gigas and the expansion rates reported
for other areas worldwide, the success of this oyster is low. How-
ever, in terms of the potential expansion, our result may be mis-
leading, given that the distribution is controlled by the availability
of substratum.
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Figure 5. Foraging rate of different bird species compared between
inside (empty boxes) and outside (dashed boxes) oyster shell habitats.
Figure 4. Average counts of number of individuals of different bird
species using inside and outside oyster bed habitats. Circles represent





Barshaw, D. E. & K. L. Lavalli. 1988. Predation upon postlarval lobsters
Homarus americanus by cunners Tautogolabrus adspersus and mud
crabs Neopanope sayi on three different substrates: eelgrass, mud and
rocks. Mar. Ecol. Prog. Ser. 48:119–123.
Bax, N., J. T. Carlton, A. Mathews-Amos, R. L. Haedrich, F. G. Howarth,
J. E. Purcell, A. Reiser & A. Gray. 2001. The control of biological
invasions in the world’s oceans. Cons. Biol. 15:1234–1246.
Bertness, M. D. 1984. Habitat and community modification by an intro-
duced herbivorous snail. Ecology 65:370–381.
Bolam, S. G. & T. F. Fernandes. 2003. Dense aggregations of Pygospio
elegans (Claparede): Effect on macrofaunal community structure and
sediments. J. Sea Res. 49:171–185.
Borges, M. E. 2001. Densidad y Crecimiento de la Ostra del Pacífico en
Bancos Mesolitorales de Bahía Anegada. Inf. Téc. 7-01 Ministerio de
Producción. La Plata, Argentina: 20 pp.
Borges, M. E. 2002. Evaluación del Banco de Ostras de la Ría del Jabalí.
Inf. Téc. 02-02 Ministerio de Asuntos Agrarios y Producción. La Plata,
Argentina: 11 pp.
Borges, M. E., E. P. dos Santos & N. J. Cazzaniga. 2002. La ostra del
pacífico, Crassostrea gigas en el sudoeste bonaerense y su cultivo. In:
M.C. Vaquero, editor. Territorio, Economía y Medio Ambiente en el
Sudoeste Bonaerense. Universidad Nacional del Sur, Bahía Blanca,
Argentina: pp. 311–322.
Botto, F., O. Iribarne, M. Martinez, K. Dehley & M. Carrete. 1998. The
effect of migratory shorebirds on the benthic species of three south-
western Atlantic Argentinean estuaries. Estuaries 21:700–709.
Bruno, J. F., J. J. Stachowicz & M. D. Bertness. 2003. Inclusion of facili-
tation into ecological theory. Trends Ecol. Evol. 18:119–125.
Byers, J. E. 1999. The distribution of an introduced mollusk and its role in
the long-term demise of confamilial species. Biol. Inv. 1:339–352.
Byers, J. E. 2000. Competition between two estuarine snails: implication
for invasions of exotic species. Ecology 81:1225–1239.
Byers, J. E., S. Reichard, J. M. Randall, I. M. Parker, C. S. Smith, W. M.
Lonsdale, I. A. E. Atkinson, T. R. Seastedt, M. Williamson, E.
Chornesky & D. Hayes. 2002. Directing research to reduce the impacts
of nonindigenous species. Cons. Biol. 16:630–640.
Caldow, R. W. G., H. A. Beadman, S. McGrorty, M. J. Kaiser, J. D.
Goss-Custard, K. Mould & A. Wilson. 2003. Effects of intertidal mus-
sel cultivation on bird assemblages. Mar. Ecol. Prog. Ser. 259:173–
183.
Carlton, J. T. 1992. Introduced marine and estuarine mollusks of North
America: An end-of-the-20th-century perspective. J. Shellfish Res. 11:
489–505.
Carlton, J. T. 1996. Pattern, process, and prediction in marine invasion
ecology. Biol. Cons. 78:97–106.
Castel, J., P. J. Labourg, V. Escaravage, I. Auby & M. E. Garcia. 1989.
Influence of seagrass beds and oyster parks on the abundance and
biomass patterns of meio- and macrobenthos in tidal flats. Est. Coast.
Shelf Sci. 28:71–85.
de Castellanos, Z. J. A. 1968. Aclaraciones sobre las ostras Argentinas
(Pelec. Ostreidae). Neotropica: 132–133.
de Castellanos, Z. J. A. & S. E. Cabrera. 1957. Capítulo VII: Ostricultura,
Ensayos. In: Z.J.A. de Castellanos. 1957. Contribución al Cono-
cimiento de las Especies de Ostras del Litoral Argentino (Ostrea puel-
chana y O. spreta). Ministerio de Agricultura y Ganadería. Depto. de
Investigaciones Pesqueras. Buenos Aires, Argentina. 44 pp.
Chapin, F. S. III, B. H. Walker, R. J. Hobbs, D. U. Hooper, J. L. Lawton,
O. E. Sala & D. Tilman. 1997. Biotic control over the functioning of
ecosystems. Science 277:500–504.
Crooks, J. A. 2002. Characterizing ecosystem-level consequences of bio-
logical invasions: the role of ecosystem engineers. Oikos 97:153–166.
Crooks, J. A. & H. S. Khim. 1999. Architectural vs. biological effects of a
habitat-altering, exotic mussel, Musculista senhousia. J. Exp. Mar.
Biol. Ecol. 240:53–75.
Dean, R. L. & J. H. Connell. 1987. Marine invertebrates in an algal suc-
cession III. Mechanisms linking habitat complexity with diversity. J.
Exp. Mar. Biol. Ecol. 107:249–273.
De Grave, S., S. J. Moore & G. Burnell. 1998. Changes in the benthic
macrofauna associated with intertidal oyster, Crassostrea gigas (Thun-
berg) culture. J. Shellfish Res. 17:1137–1142.
de Montaudouin, X., C. Audemard & P.-J. Labourg. 1999. Does the slipper
limpet (Crepidula fornicata, L.) impair oyster growth and zoobenthos
biodiversity? A revisited hypothesis. J. Exp. Mar. Biol. Ecol. 235:105–
124.
Downes, B. J., P. S. Lake, E. S. G. Schreiber & A. Glaister. 1998. Habitat
structure and regulation of local species diversity in a stony, upland
stream. Ecol. Monogr. 68:237–257.
Dumbauld, B. R., E. P. Visser, D. A. Armstrong, L. Cole-Warner, K. L.
Feldman & B. E. Kauffman. 2000. Use of oyster shell to create habitat
for juvenile dungeness crab in Washington coastal estuaries: Status and
prospects. J. Shellfish Res. 19:379–386.
Fernández, M., D. A. Armstrong & O. O. Iribarne. 1993a. First cohort of
young-of-the-year Dungeness crab, Cancer magister, reduces abun-
dance of subsequent cohorts in intertidal shell habitats. Can. J. Fish.
Aquat. Sci. 50:2100–2105.
Fernández, M., O. O. Iribarne & D. A. Armstrong. 1993b. Habitat selection
of young of the year Dungeness crab Cancer magister Dana and pre-
dation risk in intertidal habitats. Mar. Ecol. Prog. Ser. 92:171–177.
Fletcher, W. J. & A. J. Underwood. 1987. Interspecific competition among
subtidal limpets: effect of substratum heterogeneity. Ecology 68:387–
400.
Gee, J. M. & R. M. Warwick. 1994. Metazoan community structure in
relation to the fractal dimensions of marine macroalgae. Mar. Ecol.
Prog. Ser. 103:141–150.
Gilinsky, E. 1984. The role of fish predation and spatial heterogeneity in
determining benthic community structure. Ecology 65:455–468.
Gutiérrez, J. L., C. G. Jones, D. L. Strayer & O. O. Iribarne. 2003. Mol-
lusks as ecosystem engineers: The role of shell production in aquatic
habitats. Oikos 101:79–90.
Grizel, H. & M. Héral. 1991. Introduction into France of the Japanese
oyster (Crassostrea gigas). J. Cons. Int. Explor. Mer. 47:399–403.
Hamilton, D. J. & T. D. Nudds. 2003. Effects of predation by common
eiders (Somateria mollissima) in an intertidal rockweed relative to an
adjacent mussel bed. Mar. Biol. 142:1–12.
Iribarne, O., D. Armstrong & M. Fernández. 1995. Environmental impact
of intertidal juvenile dungeness crab habitat enhancement: effects on
bivalve and crab foraging rate. J. Exp. Mar. Biol. Ecol. 192:173–194.
Jensen, G. C., P. S. McDonald & D. A. Armstrong. 2002. East meets west:
competitive interactions between green crab Carcinus maenas, and
native and introduced shore crab Hemigrapsus spp. Mar. Ecol. Prog.
Ser. 225:251–262.
Jones, C. G., J. H. Lawton & M. Shachak. 1994. Organisms as ecosystems
engineers. Oikos 69:373–386.
Jones, C. G., J. H. Lawton & M. Shachak. 1997. Positive and negative
effects of organisms as physical engineers. Ecology 78:1946–1957.
Juliano, S. A. 1998. Species introduction and replacement among mosqui-
toes: intraspecific resource competition or apparent competition? Ecol-
ogy 79:255–268.
Kelaher, B. P. 2003. Changes in habitat complexity negatively affect di-
verse gastropod assemblages in coralline algal turf. Oecologia 135:
431–441.
Kennedy, V. S. 1996. The ecological role of the Eastern oyster, Crassos-
trea virginica, with remarks on disease. J. Shellfish Res. 15:177–183.
Lenihan, H. S., C. H. Peterson, J. E. Byers, J. H. Grabowski, G. W. Thayer
& D. R. Golby. 2001. Cascading of habitat degradation: Oyster reefs
invaded by refuge fishes escaping stress. Ecol. Appl. 11:764–782.
Lodge, D. M. 1993. Biological invasions: lessons for ecology. Trends Ecol.
Evol. 8:133–137.
Lohrer, A. M., Y. Fukui, K. Wada & R. B. Whitlatch. 2000. Structural
complexity and vertical zonation of intertidal crabs, with focus on
CRASSOSTREA GIGAS INTRODUCTION IN PATAGONIA 7
Proof Only
Proof Only
habitat requirements of the invasive Asian shore crab, Hemigrapsus
sanguineus (de Haan). J. Exp. Mar. Biol. Ecol. 244:203–217.
Mack, R. N., D. Simberlof, W. M. Lonsdale, H. Evans, M. Clout & F. A.
Bazzaz. 2000. Biotic invasions: causes, epidemiology, global conse-
quences, and control. Ecol. Appl. 10:689–710.
Mann, R., E. M. Burreson & P. K. Baker. 1991. The decline of the Virginia
oyster fishery in Chesapeake Bay: considerations for introduction of a
non-endemic species, Crassostrea gigas (Thunberg, 1793). J. Shellfish
Res. 10:379–388.
Marsh, C. P. 1986. Rocky intertidal community organization: the impact of
avian predators on mussel recruitment. Ecology 67:771–786.
Mendez Casariego, A., E. Schwindt & O. Iribarne. 2004. Evidence of
habitat structure-generated bottleneck in the recruitment process of the
SW Atlantic crab Cyrtograpsus angulatus. Mar. Biol. 145:259–264.
Meyer, D. L. & E. C. Townsend. 2000. Faunal utilization of created in-
tertidal Eastern oyster (Crassostrea virginica) reefs in the Southeastern
United States. Estuaries 23:34–45.
Miller, A. W., C. L. Hewitt & G. M. Ruiz. 2002. Invasion success: Does
size really matter? Ecol. Letters 5:159–162.
Moksnes, P.-O., L. Phil & J. van Montfrans. 1998. Predation on postlarvae
and juveniles of the shore crab Carcinus maenas: importance of shelter,
size and cannibalism. Mar. Ecol. Prog. Ser. 166:211–225.
Naylor, R. L., R. J. Goldburg, J. H. Primavera, N. Kautsky, M. C. M.
Beveridge, J. Clay, C. Folke, J. Lubchenco, H. Mooney & M. Troell.
2000. Effect of aquaculture on word fish supplies. Nature 405:1017–
1024.
Neter, J., W. Wasserman & M. H. Kutner. 1990. Applied linear statistical
models, 3rd ed. Homewood, Illinois: Richard D. Irwin.
Nixon, S. W., C. A. Oviatt, C. Rodgers & R. K. Taylor. 1971. Mass and
metabolism of a mussel bed. Oecologia 8:21–30.
Nugues, M. M., M. J. Kaiser, B. E. Spencer & D. B. Edwards. 1996.
Benthic community changes associated with intertidal oyster cultiva-
tion. Aquac. Res. 27:913–924.
Orensanz, J. M., E. Schwindt, G. Pastorino, A. Bortolus, G. Casas, G.
Darrigran, R. Elías, J. J. López Gappa, S. Obenat, M. Pascual, P.
Penchaszadeh, M. L. Piriz, F. Scarabino, E. D. Spivak & E. A. Val-
larino. 2002. No longer the pristine confines of the world ocean: A
survey of exotic marine species in the southwestern Atlantic. Biol. Inv.
4:115–143.
Orth, R. J., K. L. Heck & J. van Montfrans. 1984. Faunal communities in
seagrass beds: a review of the influence of plant structure and prey
characteristics on predator-prey relationships. Estuaries 7:339–350.
Pascual, M. S. & J. M. Orensanz. 1996. Introducciones y transplantes de
especies marinas en el litoral patagónico. Informes Técnicos del Plan
de Manejo Integrado de la Zona Costera Patagónica. Puerto Madryn.
Argentina N. IX:16.
Penchaszadeth, P. E., M. E. Borges, C. Damborenea, G. Darrigran, S.
Obenat, G. Pastorino, E. Schwindt & E. Spivak. 2003. Especies ani-
males bentónicas introducidas, actual o potencialmente invasoras en el
sistema del Río de la Plata y la región costera oceánica aledaña del
Uruguay y de la Argentina. In: Protección ambiental del Río de la Plata
y su frente marítimo: prevención y control de la contaminación y res-
tauración de habitats. Project PNUD/GEF RLA/99/g31: 357 pp.
Petren, K. & T. J. Case. 1996. An experimental demonstration of exploi-
tation competition in an ongoing invasion. Ecology 77:118–132.
Posey, M. H. 1988. Community changes associated with the spread of an
introduced seagrass, Zostera japonica. Ecology 69:974–983.
Reise, K. 1998. Pacific oysters invade mussel beds in the European Wad-
den Sea. Senckenb. Marit. 28:167–175.
Robinson, M. & O. Tully. 2000. Spatial variability in decapod community
structure and recruitment in sub-tidal habitats. Mar. Ecol. Prog. Ser.
194:133–141.
Schwindt, E. & O. Iribarne. 2000. Settlement sites, survival and effects on
benthos on a SW Atlantic coastal lagoon of an introduced reef building
polychaete. Bull. Mar. Sci. 67:73–82.
Schwindt, E., A. Bortolus & O. Iribarne. 2001. Invasion of a reef-builder
polychaete: Direct and indirect impacts on the native benthic commu-
nity structure. Biol. Inv. 3:137–149.
Settle, W. H. & L. T. Wilson. 1990. Invasion by the variegated leafhopper
and biotic interactions: parasitism, competition, and apparent compe-
tition. Ecology 71:1461–1470.
Shatkin, G., S. E. Shumway & R. Hawes. 1997. Considerations regarding
the possible introduction of the Pacific oyster (Crassostrea gigas) to
the Gulf of Maine: a review of global experience. J. Shellfish Res.
16:463–477.
Spalleti, L. A. & F. Isla. 2003. Caracteristicas y evolucion del delta del Rio
Colorado (“Colu-Leuvu”), Provincia de Buenos Aires, Republica Ar-
gentina. AAS Revista 10:23–37.
Spencer, C. N., B. R. McClelland & J. A. Stanford. 1991. Shrimp stocking,
salmon collapse, and eagle displacement. BioScience 41:14–21.
Stenzel, H. B. 1971. Oysters. In: R.C. Moore, editor. Treatise on Inverte-
brate Paleontology. The Geology Society of American, Inc. and Uni-
versity of Kansas. Kansas Part N, 3:953-1224.
Sumner, C. 1980. Growth in Tasmanian oyster industry. Aust. Fish. Sep-
tember: 11–15.
Ulanowicz, R. E. & J. H. Tuttle. 1992. The trophic consequences of oyster
stock rehabilitation in Chesapeake Bay. Estuaries 15:298–308.
Vitousek, P. M. 1990. Biological invasions and ecosystem processes: to-
ward an integration of population biology and ecosystem studies. Oikos
57:7–13.
Vitousek, P. M. & L. R. Walker. 1989. Biological invasion by Myrica faya
in Hawaii; plant demography, nitrogen fixation, ecosystem effects.
Ecol. Monogr. 59:247–265.
Wainwright, T. C., D. A. Armstrong, P. A. Dinnel, J. M. Orensanz & K. A.
McGraw. 1992. Predicting effects of dredging on a crab population: An
equivalent adult loss approach. Fish. Bull. 90:171–182.
Wasson, K., C. J. Zabin, L. Bedinger, M. C. Diaz & J. S. Pearce. 2001.
Biological invasions of estuaries without international shipping: The
importance of intraregional transport. Biol. Cons. 102:143–153.
Whorff, J. S., L. L. Whorff & M. H. Sweet. 1995. Spatial relation in an
algal turf community with respect to substratum slope and wave height.
J. Mar. Biol. Assoc. UK. 75:429–444.
Winter, J. E., J. E. Toro, J. M. Navarro, G. S. Valenzuela & O. R. Chaparro.
1984. Recent developments, status and prospects of the molluscan
aquaculture on the pacific coast of South America. Aquaculture 39:
95–134.
Wolff, W. J. & K. Reise. 2002. Oyster imports as a vector for the intro-
duction of alien species into Northern and Western European coastal
waters. In: E. Leppäkoski, S. Gollasch & S. Olenin, editors. Invasive
aquatic species of Europe. Dordrecht, Netherlands: Kluwer Academic
Publishers.
Zar, J. H. 1999. Biostatistical analysis, 4th edition. Upper Saddle River, NJ:
Prentice Hall.
Zühlke, R. 2001. Polychaete tubes create ephemeral community patterns:
Lanice conchilega (Pallas, 1766) associations studies over six years. J.
Sea Res. 46:261–272.
ESCAPA ET AL.8
